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Abstract: 

A novel, facile, and specific process for alpha -iodinating or alpha -brominating 
the alpha -methylenic carbon of a straight chain, branched chain, or cyclic 
secondary amide, such as a lactam or an azasteroid, comprises reacting the 
amide with trialkylsilyl-X (R3Si-X), where X is Br, I, or CI, and R 
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is methyl, ethyl, or n-propyl, in the presence of 12 or Br2. The alpha -iodo- or 
alpha -bromo-amide is useful for making the alpha , beta -unsaturated amide 
through dehydrohalogenation. 
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© Process for iodinating or brominating the alpha-methylenic carbon of a secondary amide. 

© A novel facile, and specific process for a-iodinating or «-brominating the «-methylenic carbon of a straight 
^ain, bran hed chain, or cyclic secondary amide, such as a lactam or an azasteroid, comprises > *M *» 
amide with trialkylsilyi-X (R 3 Si-X), where X is Br, I, or CI, and R is methyl, ethyl, or n-propyl, in the presence -of 
rJjr^ or a-bromo-amide is useful for making the ^-unsaturated amide through de- 



< 

lf> hydrohalogenation. 
CM 
CM 

CO 



Rank Xfirnx MHO Rusinfiss fU>rvirft« 



10 



15 



20 



25 



30 



35 



EP 0 473 225 A2 



BACKGROUND OF THE INVENTION 

The novel process of this invention is particularly useful for preparing an intermediate a-iodo-, or a- 
bromo-amide which is readily dehydrohalogenated to an ^-unsaturated amide. 

mZ the amide is a saturated azasteroid. this novel process greatly facilitates the , production the £ 
I azasteroid which is useful as a potent inhibitor of testosterone 5-a-reductase [see Nayfe et a Sterols, 
4 1 69); Voigt and Hsia, Endocrinology. 92. 1216 (1973); Canadian Pat. ^o- 970.692]. In th,s regard 
known methods for introduction of the A-. double bond into azasteroids inc^de J 
TBack TG.. J. Org. Chem.. 46, 1442 (1981); Rasmussen et al.. J. Med. Chem . 29, 2298 (1986)], sulfoxide 
elimination [ U.S. Patent N os7 4,377,584; 4,220.775], a comp.icated 5-step dehydrogenation mvolvm , a 
« nate intermediate [Magnus et a.., J- Am. Chem. Soc. 108 221 «;^on^ DM 
(2.3-dichloro-5.6-dicyano-1.4- beFioquinone) oxidation [Bhattacharya et al.. J. Am. Chem. Soc. U0, 3318 

(198 ?he process of the instant invention avoids some of the disadvantages present in the prior art methods 
which include poor yields, expensive reagents, unwanted by-products, and the use of toxic selenium 
catalysts. 

SUMMARY OF THE INVENTION 

The novel process of this invention is a facile and specific process for a-iodinating or a-brominating an 
Saturated sleight chain, branched chain, or cyclic amide such as a actam « "JJJJ^JJ 
process comprises reacting the amide with trialkylsilyl-X (R 3 S,X). where X ,s Br. I or Cl^and R l"™** 
ethyl or n-propyl, in the presence of l 2 or Br 2 , to yield the a-iodo- or a-bromo-am.de. These product are 
Si for making the a,, unsaturated amide through dehydrohalogenation. Thus, jn a preferred embod,- 
met of the invention, where the starting amide is an a-fi saturated azasteroid. Ita > process provides a 
means for obtaining the a-iodo- or a-bromo-azasteoid. These products may be dehydrohalogenated by 
methi nown r t he art to form the A-.-azasteroid which is useful as a potent inhibitor of 5-a-reductase. 

Accord ngly it is an object of this invention to provide a process for a-iodinating or a-brom,nat,ng an 
..-saturated siraight chain, branched chain, or cyclic amide, such as a lactam and preferably an 
azasteroid. the products of which are useful as starting materials for mak.ng ..-unsaturated am,des. 

DETAILED DESCRIPTION OF THE INVENTION 

The novel process of this invention comprises reacting a-methylenic carbon of a secondary amide with 
trialky si.y.-X, R 3 Si-X, where X is I, Br, or CI, and R is methyl, ethyl, or n-propyl, m the presence of l 2 or 
ST The a-iodinated or a-brominated products of this process may then be used to make an a^. 
unsaturated amide through known methods of dehydrohalogenation. The process .s shown .n Scheme 1. 



SCHEME 1 



40 



6 H 
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Y OH 
(b) 



wherein: 
Xis: 



50 a) I, 

b) Br, or 

c) CI; 
Yis: 

a) I, or 
55 b) Br; 
R 1 is: 

a) -(CH 2 )i-5-, 

b) -aryh 
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c) -(CH 2 )i-s-aryh 

d) -(meta or para)-substituted aryl-, or 

e) -(CH 2 )i -5-aryh wherein the aryl is a substituted aryl; 
r2 is hydrogen, or optionally joined together to form: 

a) -(CH 2 )i- 5 -, 

b) -substituted lower alkyl 

c) -aryl-, 

d) -substituted aryl-, or 
e) 



40 




wherein 
R 3 is: 

a) -hydrogen, or 

b) -R 5 ; and 
R*is: 

a) -OH, 

b) -OR 5 ,or 

c) -NHR 5 ; and 
R 5 is lower alkyl of between 1 and 5 carbon atoms. 

Lower alkyl means straight or branched chain alkyls containing from 1 to 5 carbons; aryl includes 
phenyl or naphthyl; substituted alky or aryl means an alkyl or aryl substituted with one or two substituents 
selected from among: -Off, -C0 2 R 5 , -NR* 2 . -CONR* 2 , -CONHR* . -CO-aryl, -SR 5 , -halogen. R 3 Si-X is 
the trialkylsiiyl-X mediator, with X and R as defined above. 

Thus, in one embodiment of the invention R 2 is hydrogen and the straight chain amide, l-s of Scheme 2 
35 below, is converted into the a-iodo- or a-bromo-amide ll-s.: 



SCHEME 2 



R^CH^C-N-R 1 R^CH-C-H-R 1 
OH Y2 Y O H 

l-s 



45 



wherein X, Y, and R 1 are as defined above. 

In another embodiment of the invention, R 2 is present and the lactam H of Scheme 3 below is 
50 converted into the a-iodo- or a-bromo-lactam ll-l: 

SCHEME 3 
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wherein X, Y, R 1 and R 2 are as defined above. 



H 

II-l 



In a oreferred embodiment of the process of this invention the starting amide is a 3-keto 4-azasteroid. 
This £Z£Z beeTSized anS. as shown in Scheme 4 below, application of th.s process to a 
7S lornpld of former, a generates a compound of formu.a N-a. H-a is usefu. for making a A, azastercd, 
useful as an inhibitor of 5-a-reductase, through dehydrohalogenation of ll-a: 



SCHEME 4 
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II-a 



I-a 

30 

wherein X and Y are as previously defined and: 
R 3 is: 

a) -hydrogen, or 
35 b) -R 5 ; and 
R + is: 

a) -OR 5 , 

b) -NH-R 5 ,or 

40 ^conditions described hereinbe.ow are optimized for azasteroid 

aoolicable to lactams and secondary amide containing compounds m general. The TMSX med.ator is 
Suded!n The TeacTon at between 0 5 and 10 molar equivalents, and preferrably at an equ.molar amount, 
^p^JTSiS. msa is commercial available and relatively inexpensive. TMS. ,s easify 
Deuced n situ by inclusion of about a 2-fold molar excess of l 2 in reactions .ncorporatmg TMSC as the 

45 medSof For brominated products, either TMSBr or TMS. may be used as the ^*° r ™ Xh *^*** 
Sfold mola? excess of Br 2 . However, in this case, complete conversion of startmg matenal ,nto product 
re^eTt presence of some iodine, with the ratio between iodine to bromine determine the ratto of 2- 

^ZZttSX such as nifrogen. at . temperature ranging from £c 

50 to room ^"rlre. and preferrably between -15' C and O'C. Appropriate solvents ^ 

« and the reaction is quenched by addition of aqueous sodium sulfite upon complet.on. 

ipo fsc Son oHhe 2-bromo or 2-iodo azasteroid ll-a. it is possible to generate the A-l azastero-d m-a 
by a dehydSa^genatlon reaction. This is accomplished by addition of about a ten-fold ^ar exoess o a 
Litaole base such as tetrabutylammonium fluoride, or preferably potass,um tert-butox.de (see Example 2). 
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Presented in Example 1 is the TMSCI-mediated iodination of an azasteroid in the presence of b to 
provide the 2-iodo-4-azasteroid in high yield. This product may be utilized in the synthesis of other 
functional groups of choice. For instance, in Example 2, the product from Example 1 is converted into the 
active Al-olefin inhibitor of 5-a-reductase. Example 3 presents, in tabular form, different conditions for 
5 achieving brominated or iodinated azasteroids. As shown by the iodination of seven-membered lactams in 
Examples 4 and 5, the process herein described is not restricted to iodination of six-membered or steroidal 
lactams. In addition, Example 7 exemplifies the process as applied to a straight chain amide. These 
examples are provided to further define but not to limit the scope of this invention. 

w EXAMPLE 1 

2-iodo-3-oxo-4-aza-5-a-androstane-1 70-N-(1 ,1 -Dimethylethyl)-carboxamide: 

20.0 Grams (5.3 X 10~ 2 mole) of a-aza steroid amide, 200 ml of toluene and 25.0 ml (1.7 X 10- 1 mole) 
75 of tetraethyl ethylene diamide (TMEDA) was cooled with stirring under nitrogen to -15° C and 13.5 ml (1.1 X 
10- 1 mole) of TMSCI was added. The slurry was stirred for 5 min and 20.5 g (8.1 X 10- 2 mole) of iodine was 
added. The reaction was warmed to 0° C and checked for completion by HPLC. 

The reaction was quenched with 100 ml of 10% sodium sulfite and 13% sodium chloride at 0°C and 
the phases were separated. The organic phase was diluted with 100 ml isopropyl alcohol and washed with a 
20 second 100 ml of 10% sodium sulfite and 13% sodium chloride, followed by 100 ml of 13% sodium 
chloride. The combined aqueous phases were back-extracted with 20 ml of 33% isopropyl alcohol in 
toluene and the organic phases combined. The volume of organic phases was reduced in vacuo with 
heating to 40 ml and 100 ml of hexanes was added slowly at room temperature with stirring. The 
crystallized solid was filtered and dried in vacuo at 60* C to yield the slightly orange title compound. 



25 1 H NMR (CDCI 3 ) 5 7.04 (s, 1 H), 5.09 (s, 1 H), 4.71 (dd, J = 10.5, 8.1 Hz, 1 H), 3.11 (dd, J = 12.3, 3.2 Hz, 
1 H), 2.52 (dd, J = 13.6, 8.1 Hz, 1 H), 2.20-1.75 (m, 4 H), 1.75-1.45 (m, 5 H), 1.45-1.10 (m, 5 H), 1.28 (s, 9 
H), 1.10-0.70 (m, 3 H), 0.81 (s, 3H), 0.61 (S, 3 H). 



3-Oxo-4-aza-5-a-androst-1-ene-17-/3-N-(1,1-Dimethylethyl)-carboxamide: 

8.0 Grams (7.0 X 10" 2 mole) of potassium t-butoxide was dissolved in 20 ml of dry DMF with stirring 
and the solution cooled to -10° C. A solution of 3.5 g (7.1 X 10~ 3 mole) of 2-iodo-a amide in 15 ml of dry 
35 DMF was added dropwise. The mixture was stirred vigorously for 10 minutes and the reaction was 
quenched with the drop-wise addition of 7.2 ml (7.1 X 10~ 2 mole) of acetic acid at below 10* C. 

The reaction was stirred for 5 minutes and 200 ml of 21 % sodium chloride was added slowly at 0°C 
resulting in the crystallization of the steroid. The reaction was stirred overnight at 0*C. The sample was 
isolated by filtration and dried in a vacuum oven at 60 *C to give 2.5 g of an off-white solid of 93.3 wt% 
40 purity. Recrystallization from isopropyl acetate gave the title compound. 

EXAMPLE 3 

Iodination and Bromination of 4-Aza-5-a-Androstan-3-one Derivatives: 



In order to optimize reaction conditions, several parameters were altered and the resultant yield of 
brominated or iodinated azasteroid obtained is shown in TABLE I: 
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a-Androstan-3-one Derivatives. 
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(Reactions were run in CH 2 C1 2 unless otherwise noted) 

SM = starting serial; 

„ = tertiary buty a-ine; -OMe - -ethoxy -OH - 

. . a> 95% isolated; b) in toluene. 0 C, c) in 

Z Zo-c] « 9*X i-late d; e, * «olar equivalents 

triethylamine used; f) * e * uivalent ° s 
diethylmethylamine used; 8 ) <• equivalents 
diisopropylethylamine used. 



* ^ ,„ table ,. as «. - « -* r^-^sriss rss 

Mnafion of I when B = -OMe (Ren #10) The h***n*on 'Hin NXN'-Tetramethylemytenediamlne 
were found to be suitable bases for this reaction. material* 
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conditions. The low solubility of the hydrohalide salts of TMEDA, Et3N and Et2MeN in the above solvents 
may be responsible for their usefulness as opposed to the poor results with diisopropylethylamine. 
Precipitation of these hydrohalide salts may remove sufficient acid from the reaction so that the equilibrium 
is displaced toward product allowing the reaction to proceed to completion. 

5 The presence of iodide in the reaction mixture is crucial for the reaction to reach 100% conversion. 
Using 5 equivalents of TMSBr and 5 equivalents of bromine, the reaction never reached 100% conversion 
but gave a 50:50 mixture of starting material:2-bromo product (Run # 1). However, by adjusting the amount 
of TMSI and bromine, it was possible to control the ratio of 2-bromo versus 2-iodo products formed. Using 1 
equivalent of TMSI and 5 equivalents of bromine, the 2-bromo product:2-iodo product ratio was 90:10 (Run 

10 # 2). Dropping the amount of bromine to 2 equivalents gave a 2-bromo:2-iodo ratio of 22:78 (Run # 3). One 
could obtain 100% 2-iodo product by using 1 equivalent of TMSI and 2 equivalents of iodine (Run #4). 
Further decreasing the TMSI to 0.2 equivalent while maintaining the iodine at 2 equivalents gave only 75% 
conversion to the 2-iodo product under similar conditions (Run #5). 

It was also possible to generate TMSI in situ from TMSCI and iodine. A slightly greater amount of 

75 TMSCI is needed, however, than when TMSI is used alone. With 1 equivalent of TMSCI and 1 .5 equivalents 
of iodine, the reaction only proceeded to 80% conversion (Run #6), but 100% conversion was obtained by 
increasing TMSCI to 2 equivalents while maintaining the iodine at 1.5 equivalents (Run #7). Ester and 
carboxylic acid functional groups at the C-17 position could be tolerated in the reaction, and afforded the 
corresponding 2-iodo analogs in excellent yields (runs # 10, 11). No dihalogenation was observed. 

20 

EXAMPLE 4 

TMSI Mediated Production of a-lodo-€-Caprolactam: 

€-Caprolactam(1 .78 g, 1.57 x 10~ 2 moles) and TMEDA (12.0 ml, 7.95 x 10" 2 mole) were dissolved in 60 
ml dry CH2CI2 and cooled to -10* C under an atmosphere of nitrogen. TMSI (6.9 ml, 4.85 x 10~ 2 mole) was 
added slowly and the mixture was stirred for 15 minutes. The temperature of the reaction was maintained at 
-10* C and l 2 (6.0 g, 2.31 x 10" 2 mole) was added all at once. The reaction was run for 30 minutes at -10° 
C and quenched with sodium sulfite (100 ml, 10% aqueous solution). The layers were separated and the 
CH2CI2 phase was washed with 20 ml of 1.2 N HCI. The CH2CI2 was separated, dried, and removed to give 
the title compound as a slightly yellow product. 

1 H NMR (300 MHz) . 6.44 (s, 1H), 4.75-4.88 (m, 1H), 3.38-3.60 (m, 1H), 3.10-3.34 (m, 1H), 1.78-2.06 (m, 4H), 
1.37-1.78 (m, 2H). 

35 EXAMPLE 5 

TMSI Mediated Production of 3-iodo-2,3,4,5-Tetrahydro-1-H-[1-(benzazepin-2-one)]: 

2,3,4,5-Tetrahydro-1-H-[1-(benzazepin-2-one)] (0.1 g, 6.2 x 10"* mole) and TMEDA (0.5 ml, 3.3 x 10" 3 
40 mole) were dissolved in dry CH 2 CI 2 and cooled to -10° C under an atmosphere of nitrogen. TMSI (0.18 ml, 
1.26 x 10~ 3 mole) was added slowly and the mixture was stirred for 15 minutes. The temperature of the 
reaction was maintained at -10° C and I2 (0.24 g, 9.2 x 10~ 4 mole) was added all at once. The reaction was 
run for 30 minutes at -10* C and quenched with sodium sulfite (5 ml, 10% aqueous solution). The layers 
were separated and the CH2CI2 phase was washed with 5 ml of 1.2 N HCI. The CH2CI2 was separated, 
45 dried, and removed to give the title compound as a white solid product. 

1 H NMR (300 M Hz) . 8.50 (s 1H), 7.12-7.40 (m, 3H), 7.07 (d, J = 7.7 Hz, 1H), 4.70 (t, J = 8.7Hz, 1H), 2.90- 
3.12 (m, 1H), 2.59-2.90 (m, 3H). 

EXAMPLE 6 

50 

2-iodo-3-oxo-4-aza-5a-andtostane-17/3-carboxylic acid: 



55 



7 



10 



15 



20 



25 



30 



EP 0 473 225 A2 




Ci 9 H 2e IN0 3 



m , was addad 1 .,, OT *»«th»len e d»m,na (U> was in i lea bath, lodina (. 51 

, ilte compound was ,eco»e,ed as cdofcaa ™ ?,^°™TzThz. 1H>. 2.62 (dd. J = 116. 8.2 
0.88 (s, 3H), 0.73 (s, 3H). 



EXAMPLE 7 



N -4-methylbenzyi-2-iodo-propionamide: 

" • FCowing essentiany the procedure given in Example 4 above but starting with the straight chain N-4- 

methylbenzy^p^ J = 7 0 1H) , 4 . 30 . 4 . 46 (m , 2H ), 2.34 (s, 3H). 

'H NMR (300 M Hz) . 7.16 (dd, J -113 Hz, H.4 hz, <»n>, vm, 

i.98(d, J = 7.0 Hz, 3H). 



EXAMPLE 8 



35 Methyl-2-iodo-3-oxo-4-Aza-5a-And rostane-17^-carboxylate: 

Following essentially the procedure given in Example 4, the «. .compound was » pnjp^ 

;SdT?rS s B, 1 E SVVi^ «^ - * h, i, 7 - 

40 0.53 (m, 9 H), 0.84 (s, 3 H), 0.62 (s, 3 H). 



Claims 



45 



50 2. 



,oa* 9 mo ■«»*»•»*' ^SctJSc s**»t. saleo^ <,om among ,.luane, methylene 
rnS.Td^^TnlT-anc. 0, a base, seieoled „om amon, TMEDA, 6«,N, and 
Et 2 MeN, and isolating the iodinated or brominated product. 

The process of Claim 1 wherein the secondary amide reactant and the product have the structures (a) 
and (b) respectively 
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R 2 - a - 



? 2 R 3 Si-X 
R 1 -CH 2 -C-N-R 1 — 



O H 



r2-» R 

R 1 -CH-C-N-R 1 

i » i » 

Y OH 



(a) 



wherein: 
X is: 

a) I. 

b) Br, or 

c) CI; 
Yis: 

a) I, or 

b) Br; 
FV is: 

a) -(CH 2 )i - 5 -, 

b) -aryl-, 

c) -(CH 2 )i-s-aryl-, 

d) -(meta or para)-substituted aryl-, or 

e) -(CH 2 )i-5-aryh wherein the aryl is a substituted aryl; 
R2 is hydrogen, or optionally joined together to form: 

a) -(CH 2 )i-5-. 

b) -substituted lower alkyl 

c) -aryl-, 

d) -substituted aryl-, or 
e) 




wherein 
R 3 is: 

a) -hydrogen, or 

b) -R 5 ; 
R* is: 

a) -OH, 

b) -OR 5 , or 

c) -NHR 5 ; and 

R5 is a lower alkyl of one to five carbons. 

The process of Claim 2. wherein R* is hydrogen, which comprises making the product H-s 
reactant l-s according to the Scheme: 
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- R 3 Si-X , i 

^-CHa-C-N-R 1 — R -CH-C-N-R 

• it • 

0 H 



Y 2 Y OH 



I-s 



II-s 



jo 4. The process of Claim 2 for preparing a 
according to the scheme: 



compound of structure ll-l from a lactam of structure l-l 



75 



20 



H 
1-1 



■ 

H 

II- 1 



5. The process of Claim 2 for preparing a 
25 structure l-a: 



compound of structure ll-a from a 3-keto-4-azasteroid of 



30 



35 




I-a 



II-B 



wherein: 
R 3 is: 

40 a) -hydrogen, or 

b) -R 5 ;and 
R 4 is: 

a) -OR 5 , 

b) -NH-R 5 ,or 
45 c) -OH. 

6. The process of Claim 5 wherein 



-R 5 - is -CH-, -R 3 is -CH 3 . and -R 4 is -OCH 3 , or -OH. 



50 



7. The process of Claim 6 wherein R 4 is -NH-tertiary butyl. 

a The process of Claim 5 where Y is iodo, which comprises the additional step of treating the compound 
||-a with a base to generate the A-l unsaturated azasteroid. 



9. A 2-bromo or 



2-iodo derivative of a 4-aza-5-a-anstrostan-3-one steroid. 



55 



10. The compound of Claim 9 which is: 



10 
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30 




10 

wherein: 
Yis: 
a) I, or 
75 b) Br; 

R 3 is: 

a) -hydrogen, or 

b) -R 5 ; 
R 4 is: 

20 a) -OR 5 , or 

b) -NH-R 5 ; and 
R 5 is lower alkyl of 1 to 5 carbons. 

11. The compound of Claim 10 wherein -Y is -. or -Br, -# is methyl, and * is -OCH 3 , -OH, or -NH-tertiary 
25 butyl. 
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